To assess the impact of simple renal cyst (SRC) on hypertension, we evaluated the prevalence of SRC as well as the relationship between SRC and hypertension. Data were obtained from 29 666 participants who underwent general health screening tests in 2006. Only participants who underwent contrast-enhanced computed tomography or abdominal ultrasonography were included in our study population. We then correlated the clinical characteristics and parameters of hypertension with the presence or absence of renal cysts. Of all the enrolled participants, 5674 (19.2%) had radiologic evidence of SRC, and hypertension was diagnosed in 9865 participants (33.4%). The SRC had a multivariable-adjusted odds ratio (OR) of 1.28 (95% confidence interval (CI), 1.20-1.36) for the presence of hypertension. In study participants with multiple cysts (41), a large cyst (X4 cm in diameter) or a peripheral cyst location, the ORs for the presence of hypertension were 1.31 (95% CI, 1.19-1.44), 1.29 (95% CI, 1.06-1.56) and 1.33 (95% CI, 1.11-1.64), respectively, compared with those for study participants without cyst after adjusting for other variables. We found the presence of SRC to be associated with a significantly increased incidence of hypertension. In addition, the cyst number, size and location are important characteristics of SRC related to hypertension.
INTRODUCTION
Simple renal cysts (SRC) are commonly observed in human kidneys. 1 There is also an increase in the size and number of cysts over time in cyst-bearing individuals. 2 Although the size and the number of cysts increase with age, the natural history of SRC has been reported to be benign except for concerns regarding the accurate differential diagnosis of cystic renal malignancies or aggressive cystic renal diseases, such as polycystic kidney disease (PKD) and acquired cystic kidney disease. [3] [4] [5] Another concern regarding SRC is its relationship to hypertension. [6] [7] [8] [9] [10] There are published reports of patients with SRC and hypertension and who showed increased release of renin from the affected kidney and normalization of blood pressure (BP) after surgical removal of the cyst or its decompression by aspiration. [10] [11] [12] Some authors have also reported that in cross-sectional observational studies SRC was related to high BP, 6 although other reports showed contrary results. 13 The development of SRC is closely related to the aging process and to gender. 3 The frequency of hypertension also naturally increases with age reported to differ according to gender.
14 Therefore, the relationship between SRC and hypertension should be carefully examined with attention also given to confounding parameters, such as age, sex, body mass index (BMI), estimated glomerular filtration rate (eGFR), uric acid, metabolic syndrome parameters and hypertension, itself, which could affect the prevalence of renal cyst as well as hypertension.
There was no enough evidence to support a relationship between SRC and hypertension in large, healthy screened populations. To examine the relationship between SRC and hypertension, we retrospectively analyzed the medical records of our health screening center cohorts, and with careful attention being given to the confounding effects of age, sex, BMI, triglycerides, fasting glucose, eGFR and uric acid. The health screening center participant's cohort was also grouped according to the cyst characteristics, such as their number, size and location, in order to define the cystic features as they were related to hypertension.
MATERIALS AND METHODS

Study population
We retrospectively analyzed the medical records of 29 666 individuals who were seen in the Health Promotion Center of the Asan Medical Center, for routine health checkups between January 2006 and December 2006. Our health screening program includes anthropometric measurements, that is, height, weight and waist circumference, blood tests, that is, complete blood cell count, basic chemistry, serologic tests, blood coagulation test, thyroid function tests and assays for tumor markers, stool/urine analyses, abdominal ultrasonography (US), gastrofiberscopy, chest radiography, pulmonary function tests and electrocardiography. In some participants, abdomino-pelvic computed tomography (CT) were added if they wanted. Using a self-administered, standardized questionnaire, the presence or absence of hypertension, the presence or absence of diabetes mellitus and current alcohol drinking and cigarette smoking habits, were assessed. Weight, waist circumference and BP were measured after an overnight fast, and a blood sample was drawn. Plasma fasting glucose, serum total cholesterol, high-density lipoprotein cholesterol and triglycerides were measured using enzymatic methods. We excluded patients with congenital renal cystic disease, a solitary kidney owing to previous surgery or congenital renal agenesis, as well as any suspicious malignancy or solid, kidney mass detected during routine health checkups. The Institutional Review Board of our hospital approved this study and exempted it from the informed consent requirement because we only retrospectively accessed a de-identified database for this study. 1 
Exposure measures
Hypertension was defined as a mean BP X130/85 mm Hg or the use of antihypertensive medication. Systolic BP and diastolic BP were measured twice at 5-minute intervals to the nearest 2 mm Hg with a mercury manometer in the seated position in the right upper arm after 5 min of rest using a standard cuff. If they had a mean BP above 130/85 mm Hg, we rechecked BP after 1B2 weeks when they revisited the health promotion center to consult their health checkup results. Diabetes mellitus was diagnosed if the fasting blood glucose level was 4100 mg dl , the American Heart Association, and the National Heart, Lung, and Blood Institute. 16 Waist circumference was measured using a nonelastic tape at a point midway between the lowest rib margin and the iliac crest and in a horizontal plane. BMI (kg m À 2 ) was calculated based on weight and height, which were measured by trained health workers. We divided the study subjects into four groups according to their BMI: underweight, o18.5 kg m À 2 ; normal, 18. , according to the Asia-Pacific criteria of BMI for obesity. 17 
Outcome measures
Detecting the presence of SRC was the result of our analysis. We retrospectively reviewed the radiology records of all study participants and recorded SRC as being present if it was detected using abdominal US (n ¼ 29 666; IU-22 ultrasound unit; Philips Medical Systems) and/or abdomino-pelvic CT (n ¼ 23 461; SOMATOM Sensation 16; Siemens AG). We measured the longest diameter of SRC and used the mean value of one of the repeated values. We also included cases, in which participants had only a single, tiny cyst. Ultrasonographic examinations were conducted by one of several, clinically experienced radiologists at our Health Promotion Center. The ultrasonographic criteria for diagnosing a SRC also included the lack of internal echoes, and a smooth, sharply defined wall that was not suggestive of a renal malignancy. The criteria for SRC in CT are similar to the ultrasound; the density is À 10 to 20 HU (Hounsfield unit). The most important criterion is no contrast media enhancement of the cyst or the cyst wall. Calcifications were not obligate suspect.
Statistical analysis
We compared the demographic and clinical characteristics in subjects with renal cysts (the cyst group) and those without renal cysts (the non-cyst group), using Pearson's w 2 test for categorical variables and the t-test for continuous variables. Quantitative data were expressed as means ± s.d. The cohort was stratified by age into four groups (40pageo50, 50pageo60, 60pageo70, and 70Xage). Crude and multivariable-adjusted odds ratios (OR) of the presence of SRC were calculated using logistic regression models with age, sex, BMI, triglycerides, fasting glucose, eGFR and uric acid as input factors. The results were expressed as OR and 95% confidence intervals (CI). All statistical tests were two-tailed, with Po0.05 considered significant. All statistical analyses were performed using the statistical package for Social Science, version 12.0 (SPSS, Chicago, IL, USA).
RESULTS
We excluded 143 subjects owing to the incomplete database in 68 of them, other suspicious malignancies in 15, a solitary kidney in 38 and PKD in 22. The baseline demographic characteristics of the 29 523 study participants are listed in Table 1 . The mean age of the male subjects (60.6%) was 56.0 years (range: 40-88 years) and that of the female subjects (39.4%) was 56.3 years (range: 40-84 years). A total of 5674 participants (19.2% of the study population) had radiologic evidence of SRC(s). Of the 7859 participants who simultaneously underwent CT and US, 544 (9.6%) were proven to have SRC(s) detected only by CT. The prevalence of SRC(s) was 14.9% in male subjects and 7.9% in female subjects under the age of 40 years and increased to 46.3 and 26.8%, respectively, in participants of each gender over the age of 70 years (Po0.001) ( Figure 1 ). The criteria for increased BP and increased fasting Crude and multivariable-adjusted ORs for hypertension increased with increasing participant age, BMI, triglycerides, fasting glucose, eGFR and uric acid (all Po0.001 except for eGFR 60-89 group). Table 4 shows the crude and multivariable-adjusted ORs for hypertension according to the cyst number, size and location. Multiple SRCs (41) were associated with a 100% increased OR for hypertension compared with that seen in the non-cyst group (95% CI, 1.88-2.25, Po0.001). After adjustment for age, sex, BMI, triglycerides, fasting glucose, eGFR and uric acid, this OR decreased to 1.31 (95% CI, 1.19-1.44, Po0.001). Compared with the non-cyst group, participants with either a 41.4-cm SRC and a large SRC, that is, 44 cm, had multivariable-adjusted ORs for hypertension of 1.28 (95% CI, 1.17-1.39, Po000.1) and 1.29 (95% CI, 1.06-1.56, Po0.001), respectively. Peripheral cyst had a 33% increased OR for hypertension compared with that seen in the non-cyst group (95% CI, 1.11-1.64, Po0.001). The receiver operating characteristic curve analysis revealed that both the cyst size (area under the receiver operating characteristic curve AUC ¼ 0.56; 95% CI, 0.55-0.58; Po0.001) and the cyst number (AUC ¼ 0.54; 95% CI, 0.54-0.57; Po0.001) were significantly predictive of the presence of hypertension (Figure 2) . In this analysis, the cyst size showed superior outcome of classification ability when compared with the cyst number (AUC ¼ 0.56 vs 0.54, Po0.001).
DISCUSSION
In our large, screened population, SRC was associated with a significantly increased incidence of hypertension after adjustment for other confounding variables. As the initial report regarding the association between the development of hypertension and SRC, by Farrell and Young, 18 several authors have reported the cure or improvement in hypertension after the surgical removal of SRC, or decompression of a large cyst. [7] [8] [9] [10] [11] This result supports the hypothesis that SRCs may cause hypertension rather than hypertension causing renal cysts. Our results are consistent with those of an earlier study, which found a significant association between the presence of SRC(s) and hypertension. A previous study by Chin et al., 19 and with a larger amount of data associated with the presence of SRC and hypertension, was published in 2006, and had of 6603 study patients. Chin et al., reported that despite no differences in age, gender, GFR and proteinuria in both persons having SRC and those without SRC, the presence of SRC was related to a higher prevalence of hypertension and also to higher systolic, diastolic and mean BP. However, our present study is the first to show such an association in a very large, screened population of healthy Asian men. In other studies it was also noted that those individuals who underwent general health screening tests, such as our study participants, showed a lower incidence of SRC than those who were admitted or followed at outpatient clinics. 4, 13, 20, 21 However, in our study, the overall prevalence of SRC was 19.2% (5674 participants), which was higher than that seen in other studies. The difference in the prevalence of SRC could also result from differences in the study populations and the cyst-detecting methods used. The prevalence of SRC detected by CT 13, 21 was higher than the prevalence determined by US. 4, 21, 22 In the total of 29 666 study participants, 23 461 (79.1%) underwent CT on their own demand as part of our health screening tests. Of the 7859 participants who underwent CT and US simultaneously, 544 participants (9.6%) were proven to have SRC(s) detected only by CT. In this way, we could consider that SRC was more often detected in our study than in other studies.
Typically, cyst development occurs as the proliferation of epithelial cells with tubular ectasia, saccular dilatation and fluid collection. It is postulated that tubular obstruction and ischemia help in the formation of cysts, which occur more often in the cortex area. 23 Torres et al., 24 reported that the profound and prolonged hypokalemia observed in some patients with primary Hypertension and simple renal cyst S Hong et al aldosteronism or with potassium-wasting disorders might facilitate the development of renal cysts by affecting the proliferation of tubular epithelial cells. However, when we analyzed our data, the mean serum levels of potassium were 4.26 mEq l À 1 (range 2.70-6.90) in non-cyst group and 4.27 mEq l À 1 (range 2.90-6.50) in cyst group (Table 1) . Although there was a statistical difference between two groups, we did not recognize any relationship between potassium levels and SRC formation in terms of our study data. For instance, the differences of serum creatinine, blood urea nitrogen or estimated GFR levels between two groups can be considered as similar examples of this factor. Also, we found 96 participants (0.3%) who fulfilled hypokalemia criteria, which is defined as a potassium level less than 3.5 mEq l À 1 . Of these, only 26 participants (27.1%) had renal cysts. In univariate analysis, also, hypokalemia was found to have no significant influence on the formation of SRC (P ¼ 0.060).
The mechanism by which the presence of SRC is related to hypertension is still unclear. Lü scher et al., 11 suggested a possible causal relationship between the presence of SRC and hypertension at least in some patients by demonstrating BP normalization following cyst removal, and which was attributed to the inactivation of the renin-angiotensin system in the involved kidney. The chance of SRC activating the renin-angiotensin system by compressing the renal artery might be related to the location, as well as the size and number of cysts. The reninangiotensin system would be more vulnerable to activation by a cyst located in the perihilar region than one in the peripheral region of the kidney. Chapman et al., 25 reported that the reninangiotensin system is significantly more active in hypertensive patients with PKD than in comparable patients with essential hypertension. Therefore, it seems likely that increased renin release resulting from renal ischemia caused by cyst expansion, may lead to the development of hypertension. However, in our study, peripheral SRC(s) were more often associated with hypertension than perihilar SRC(s). Therefore, it is perhaps reasonable to assume that this difference originated from arbitrary and individual criteria determining the location of peripheral and perihilar cysts among these studies.
The other explanation of why SRC is related to hypertension might be that the loss of nephrons along with aging are involved in both the development of hypertension and the formation of SRC. The hypothesis that a reduced number of nephrons leads to primary hypertension is given further support by observations that the glomerular volume serves as a surrogate for the number of glomeruli and is very high in members of racial and ethnic groups with a predilection for gradual renal failure. 26, 27 The loss of nephrons increases work loads of tubules and may cause hypertrophy and hyperplasia of tubular cells to the extent of causing cyst formation. 28 The prevalence of SRC increases with age, 3, [20] [21] [22] and the number and the size of cysts also increase together with the aging process. 3, 29 The loss of renal mass with age is confined mainly to the cortex. 30 However, reduction in renal mass with increasing age suggests that many 'missing' nephrons have been lost over the patient's lifetime. 31 In our study, cyst b Of all, number of subjects with renal cyst(s).
Hypertension and simple renal cyst S Hong et al number, size and location were important characteristics of cysts related to the presence of hypertension. Therefore, our results suggests the possibility that the aging process along with decreased cortical mass cause aberrant tubular growth, which generates cyst formation, especially in the peripheral region, as well as hypertension developing subsequent to the reduced number of nephrons. Additional loss of renal cortex due to the presence of peripheral cyst(s) may increase the probability of hypertension. Our findings have important implications for clinical care and public health because SRC is so common. If SRC and the presence of hypertension are associated, hypertension may be efficiently managed by checking the change in size of SRC and subsequent resolution of SRC. Our study was strengthened by the large size of the screened cohort population and the use of standardized clinical and laboratory covariates. Although we attempted to carefully select our study population, the problems inherent in a retrospective study are unavoidable and can influence the results. Also, we did not correct the intrapersonal or interpersonal variability in order to detect and localize the SRCs or to measure the maximum diameter of the cysts among the three radiologists who conducted the routine health checkups. Because we confined the range of study cohort to SRC (Bosniak classification I) and both CT and US were not simultaneously underwent in all study cohort, it was a matter for regret that we could not provide further information about the incidence of hypertension in each Bosniak category in our study. And since, there was no thorough molecular genetic testing performed to diagnose PKD, there could be some individuals in our study having PKD. Lastly, because our study was not longitudinal, we could not determine whether a causal relationship existed between the development of hypertension and SRC. In the near future, longitudinal study needs to be conducted to establish the accurate relationship between SRC and the incidence of hypertension.
In summary, the presence of SRC is associated with a significantly increased incidence of hypertension. In our study, the effect of SRC on hypertension was evident in males, older study subjects, and in those subjects with a higher BMI, triglycerides, fasting glucose and uric acid or with a lower eGFR. The number, size, and location were also important characteristics of SRC related to hypertension.
What is known about this topic
SRCs are commonly observed in human kidneys. 1 There is also an increase in the size and number of cysts over time in cyst-bearing individuals.
However, there was no enough evidence to support a relationship between SRC and hypertension in large, healthy screened populations.
What does this study add
This study provides evidence that the presence of SRC is associated with a significantly increased incidence of hypertension in large, healthy screened populations. 
